

Attorney DJSm No. 5308-223 



INDUCTION HEATING DEVICES AND METHODS FOR 
CONTROLLABLY HEATING AN ARTICLE 



Field of the Invention 
The present invention relates to methods and apparatus for controUably 
heating an article and, more particularly, to methods and apparatus for induction 
heating. 



Silicon carbide (SiC) is increasingly recognized as an effective 
semiconductor material for electronic devices. SiC possesses a nimiber of 
properties that make it particularly attractive for applications requiring devices to 
operate at high temperature, poM^er and/or frequency. SiC exhibits highly eflFicient 
heat transfer and is capable of withstanding high electric fields. 

It has been demonstrated that hot-wall chemical vapor deposition (CVD) 
reactors can provide epita?^ layers of SiC with morphology and doping superior 
to cold-wall systems. See, for example, U.S. Patent No. 5,695,567 to Kordma et 
aL, the disclosure of which is hereby incorporated herein by reference. In certain 
processes, such as epitaxial growth processes, management of the thermal profile 
in the vicinity of the substrate may be of great importance. Temperature gradients 
may dramatically influence many growth parameters and the qualities of the 
resulting layers. Where the substrate is disposed on a platter (e.g.. for rotation) 
separate from a surrounding susceptor and induction heating is employed, the 
platter may be significantly cooler than the intemal surfaces of the susceptor. 
More particularly, the susceptor may be directly heated by an RF field while the 
platter is only or predominantly heated by thermal conduction and radiation from 
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the susceptor. The substrate may be cooler even than the platter. As a result a 
substantial thermal gradient may be manifested between the substrate growth 
surface and the internal surfaces of the susceptor. The thermal gradient may be 
fiirther exacerbated by the cooling effect of a process gas flow through the 
susceptor. 

The aforementioned temperature gradient may present a number of 
problems. Such problems may include the formation of loose deposits (e^ SiC) 
on the hot susceptor wall. Such deposits may fall onto the substrate and be ' 
incorporated into the epilayers. Moreover, temperature gradients may cause 
difficulty in controlling material properties as a result of non-controllable 
variations in the temperature gradient and the narrowing of process windows. 

The foregoing problems may also be presented in other types of processes 
such as other types of deposition processes and amiealing processes. 

Summarv o f the Invention 
According to embodiments of the present invention, a heating device for 
controUably heating an article defines a processing chamber to hold the article and 
- includes a housing and an EMF generator. The housing includes a susceptor 
portion surrounding at least a portion of the processing chamber, and a conductor 
portion interposed between the susceptor portion and the processing chamber The 
EMF generator is operable to induce eddy currents within the susceptor portion 
such that substantially no eddy currents are induced in the conductor portion TTie 
conductor portion is operative to conduct heat from the susceptor portion to the 
processing chamber. The heating device may further include a platter and 
opening defined in the conductor portion, wherein the 
between the susceptor portion and the platter. 

According to embodhnents of the present invention, a housing assembly for 
an mduction heating device defines a processing chamber and includes a susceptor 
surroundmg at least a portion of the processing chamber. A thermally conductive 
Imer is interposed between the susceptor and the processing chamber. The liner is 
separately formed from the susceptor. 

The susceptor may include a platter region and the housing assembly may 
further mclude: a platter adapted to support the article disposed in the processing 
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chamber and overlying the platter region; and an opening defined in the liner and 
interposed between the platter region and the platter. 

According to method embodiments of the present invention, a method for 
controUably heating an article includes positioning the article in a processing 
chamber. An electromagnetic field is applied to a housing about the processing 
chamber such that eddy currents are induced within an outer, susceptor portion of 
the housmg and such that substantially no eddy currents are induced in an inner 
conductor portion of the housing. Heat is conducted from the susceptor portionto 
the processing chamber through the conductor portion. 

Objects of the present invention will be appreciated by those of ordinary 
skill m the art from a reading of the figures and the detailed description of the 
prefen-ed embodiments which follow, such description being merely illustrative of 
the present invention. 
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Brief De scription nf theDrawin^ « 

Figure 1 is an exploded, perspective view of a housing assembly according 
to embodmients of the present invention; 

Figure 2 is a perspective view of the housing assembly of Figure 1; 

Figure 3 is a perspective view of a reactor assembly according to 
embodiments of the present invention and including the housing assembly of 
Figure 1; 

Figure 4 is an end view of the reactor assembly of Figure 3; 
Figure 5 is a top plan view of a bottom susceptor member fonning a part of 
the housing assembly of Figure 1; 

Figure 6 is a side elevational view of the bottom susceptor member of 
Figure 5; 

Figure 7 is a cross-sectional view of the bottom susceptor member of 
Figure 5 taken along the line 7-7 of Figure 5; 

Figure 8 is a cross-sectional view of a top susceptor member fonning a part 
of the housing assembly of Figure 1 taken along the line 8-8 of Figure 1; 

Figure 9 is a cross-sectional view of a side susceptor member forming a 
part of the housing assembly of Figure 1 taken along the line 9-9 of Figure 1- 




10 



Attorney D^Kt No. 5308-223 

Figure 10 is a bottom plan view of a bottom liner forming a part of the 
housing assembly of Figure 1; 

Figure 11 is a side elevational view of the bottom liner of Figure 10- 
Figure 12 is an end view of a rear liner member forming a part of the' 
bottom liner of Figure 10; 

Figure 13 is a cross-sectional view of the bottom liner of Figure 14 taken 
along the line 13-13 of Figure 10; 

Figure 14 is , bott„„, „f , ^ fonning apm of fte housing 

assembly of Figure 1 ; 

Figure 15 is a side elevational view of the top liner of Figure 14- 
Figure 16 is a cross-sectional view of the top liner of Figure 14 taken 
along the line 16-16 of Figure 14; and 

Figure 17 is a cross-sectional view of a platter fonning a part of the 
housmg assembly of Figure 1 taken along the line 17-17 of Figure 1. 

Detailed Descriptinn nfth. P^^^^^ red F»,hnH..».„.„ 
The present invention now is described more fully hereinafter with 
reference to the accompanying drawings, in which preferred embodiments of the 
mvention are shown. H^s invention may. however, be embodied in many different 
forms and should not be construed as limited to the embodiments set forth herein- 
lather, these embodiments are provided so that this disclosure will be thorough arid 
complete, and will fully convey the scope of the invention to those skilled in the 
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With reference to Figures 1-4, a housing assembly 100 and a heating 
device or reactor assembly 10 including the same accordmg to embodiments of the 
present mvention are shown therein. For the purposes of description, the housing 
assembly 100 has a front end 104A and a rear end 106A (Figure 2) With 
reference to Figures 3 and 4, the reactor assembly 10 further includes insulation 
covers 16, 18 surroundmg the housing assembly 100. An electromagnetic field 
(EMF) generator 11 is provided including an electrically conductive coil 14 
surrounding the covers 16, 18 and a power supply 12 as discussed in greater detail 
below. The reactor assembly 10 serves as a portion of a hot-wall CVD reactor for 
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processing substrates 5 (Figure 1) such as senuconductor wafers using an 
atmosphere or flow of a processing gas IG (Figure 2). 

Turning to the housing assembly 100 in more HptaJi tu^u 
lon.wi,^ u ™ore detail, the housmg assembly 

m „c,«,es a bo„„„. 3uscep.or „«. a „p s„„e™ber .20 and a 

^ of s.de suscepto. „e.bers 130 Joined by pins ,3, and a^nged ,o fonn a box 

bo«on, snsceptor member „0. The b„„„„ ,iner ,50 includes a fton. liner 
memberI54andareariinermemh,ris->. k- ■. ronuuier 
and.„„A """'h '^parable ton, one anofter 

and .oged.er define an opemng ,56 teebenveen. n» opemng ,56 overUes and 
'0 exposes a planer region „2 on .be bo.«>n, suscepior member „«. A pla-er Z 
overb. U,e planer region „a and is received in d.e opening ,56. The pla„er 140 
IS rotatably centered by a pivot Din ,4» A t™ j 

nla.terl4« Th . , ' """°'"''"=«<" '« overlies the 

platter ,40. The top Imer ,60 is supported by flange portions ,63 that are 

H,ten.sed between the top susceptor member 120 and a,e side susceptor members 
15 WO on either side ofthe housing assembly, bo. 

With ^fetence to Figure 2, the housing assembly ,00 defines a processus 
Chamber or passage ,02 extending ftdly through the housing assembly ,00 and 
_ca«„g wia, an ,04 and an outlet opening ,06. More 

150. the top Imer ,60, the side susceptor membet. ,3. and the platter ,40 

holes „rr' ' ^-eptormember „0 includes 

b lit r ""^ "'o-ther fasteners. The platter .egion „2may 
be adapted to provde gas driven rotation of the platter ,40. for example, as 
d-sclosed m U.S. Patent Application Serial No.^925«4S, titled Gas.I^,.en 

"-^^^^^^^^fe^^^ - Car„.^ ^rs , filed 

be.^ in its entirety. An amtular. upstanding ridge „4 sutrounds flte 
^«er regton „2. An upstandhtg tab „0B is disposed adjacent the rear end of til 
bottom susceptor member HO. 

core „ '° ™' »« -"^ a 

,5 and a surioundmg layer or coating „7. ftefentbly, the coahng „7 

completely sutrounds the core „5. The core „5 is formed of a materia, that has 
h.gh purtty. is able to withstand high temperatutes fe^. having a melUng point 
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rea,er y , SOO 'C), 1^ W „ reactivity, and has accep.Wy low 
elec^ca, ,e.s,a„,e. P«fe^„. ^ ^ 

fonned of graphite (prefei^Wxhigly^ygg^^^^ — " 

Wfts^d h,gh temperatures (e^ having a „e,U„g point greater than , 800 "C has 
ow chemtcai rea«ivity. and has acceptably ,ow eiectncal t^istance) Prefer^r 
the material of the coatina 11 T I, • "^^c;. rrererably, 

"® coating 117 has a resistivity that is les« than • • 

rnr*.ii« o '■'^ """^ '®ss than the resistivity of the 

0 „T I T ""^'^ '■^'^^ ^ -'^'vitylt is 

0 n'>'»<>rethan20%oftheresistivityoflhecorell< iv f k, . 

coatiro .as - ■ - Preferably, the matedal of the 

- .» 1 ^ . ,«„st.v.ty ot no more than about 2^xJ0iohn,-me,ers. 
Prefetab y. the coating »7 is fonned^ofSiC^r a reS^n,e,al cart,ide more 
preferably TaC. NbC, a„d/or m Most p.ferab,y. the citing n, is foC of 
.an.-un, carbide (TaC, ™e coating n7 may be applied to th cot. X.^ 

ZTl:T coating 
PrefetaWy the coating „, has a thiclcness of at, east about lOmic^ns. 

holes r ' '^"'^ 

ho.^ 120A to recetve the pins ,3, or other fasteners. With .ferenee to Figure 8 

^ .op st^eptor member «« incltKle. a cot. m and a sunoundmg layer r ' 

-tmg nx Preferably, the coaUng completely surt^unds d,e core US The 

Ae core 115, ™th the same ma,eHal(s) being p,.fe^. ^ 
fonn«i Of fte same materials and in the same dimensions as discusl abov j^ 
regard to the coating 117, with the same material(s) and dimensions being 
prefene^ and may be applied to the core .25 in the manner described above 

Wtth reference to Figures 1 and 9. each side susceptor member 130 
mclu^ holes 13.A to receive the pins 1„ or od,er fasteners. With teference to 
r.g«re the s.de susceptor member 130 includes a core 135 and a sun.undi„g 
a^r or coatmg ,37. Prefcbly. the coating 137 completely sun^unds the J 
135. The core 135 may be fonned of dte same materials as discussed above with 
egar to ^e core 115. with the same materialfs) being preferred. The coating ,37 

fsT"'"'""^'^"^" More pt^ferably. the coatingr 
.s fonned of S,C (ptcferably dense SiC d.t is impervious and has a 0%porosity) 
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The coating 137 may be applied to the core 135 by any suitable means or methods. 
Preferably the coating 137 has a thickness of at least 100 microns. 

With reference to Figures 10-13, the bottom liner 150 is shown therein 
with the liner members 152 and 154 separated for clarity. The rear liner member 
152 includes an end slot 152B adapted to receive the tab HOB of the bottom 
susceptor member 110. The rear liner member 152 and the front liner member 154 
define opposed semicircular recesses 156B and 156A, respectively. Additionally, 
semicircular, downward facing recesses 152C and 154C are formed in the liner 
members 152 and 154 along the recesses 156A and 156B. 

With reference to Figure 13, the rear liner member 152 includes a core 155 
and a surrounding layer or coating 157. Preferably, the coating 157 completely 
surrounds the core 155. The core 155 is formed of a material that has high purity, 
is able to withstand high temperatures (e^ having a melting point greater than 
1 800 °C, has low chemical reactivity, and has acceptably low electrical resistance). 
Preferably, the core 155 is formed of graphite. The core 155 may be formed in the 
same manner as described above for the core 115. Preferably, the core 155 has a 
thickness of at least 0. 15 inch. The core is preferably adapted to provide a 
substantially coplanar upper surface with the platter 140 when in use (Le,, the 
platter 140 is levitated). 

The coating 157 is formed of a material that has low chemical reactivity. 
Preferably, the coating 157 is formed of SiC or a refractory metal carbide that is 
compatible with SiC. More preferably, the coating 157 is formed of SiC 
(preferably dense SiC that is impervious and has a 0% porosity). The coating 157 
may be applied to the core 155 by any suitable means or methods. Preferably, the 
coating 157 has a thickness of at least about 1 0 microns. The front liner member 
154 is constructed in the same manner as the rear liner member 152, and has a core 
(not shown) corresponding to the core 155 and a coating corresponding to the 



coating 157. 



With reference to Figures 14-16rtHe t5p liner 160 includes holes 160a"\ 
adapted to recei ve the pins 139 or other festeners^A_wed^^ portion 162 of the top' 
liner 160 extendi^adTiHci^ingtftckiiess in the direction of the reai^ end of the 
top liner 160. The wedge portion 162 may serve to gradually decrease the 
boundary layer of processing gas flowing through the passage and the outlet 
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opening 106 to promote transfer of reactants to the substrate surface from the 
processing gas. 

Refemng u, Figure u, u,e top |i„er 160 mdudes a core 165 and a 
sum,u„di„g layer or coating 167. Prefer*,y, u,e coating ,67 complexly 
surrounds ti,e core 165. The co. 165 nu.y be fonned of ti. same ™a,eria,s as 
Ascussed above witi, regard to tiae co.e 155. ^e coating 167 may be fonned of 
«.e same materials as discussed above witi, regard to *e c«.ting 157 and may be 
apphed to d,e core 165 in tire mam,er described above. P^ferably, a,e core 155 
Has a nommal tinclcness of at least about 0.15 inch. 

° ontb '^'^^'^'•"'''^■•'''•'^^'''^'^'•'^-'"''^ap.utalityofrecesses 
on tite upper stde titereof adapted to hold tire wafers 5. A pin recess 144 for 

"-.ving tite pin ,49 is fonned in tire lower side of tite platter 14«. TTre p,a«er 14» 
mcludes a core 145 and a surrounding layer or coating ,47. P^ferabiy, tire coating 
147 completely surrounds tite cote ,45. The core 145 may be fonned of tire same 
materials as discussed above witi, regard to tire side wall suscepto,^ ,3« The 
»atmg ,47 may be fonned of tire same materials and dimensions as discussed 
above Witi, regard to ti.e coating ,37. witi, ti,e same materia,(s, and dimensions 
^.ng preferred, and may be applied to tire c»e ,45 in ti,e mam,cr described above 
Alternatively, tire platter 140 may be fonned of solid SiC or a solid SiC alloy ' 

The .nsulation covers 16, 18 may be fonned of any suitable material to 
— y insulate tite housing assembly 100. Preferably. a« insulation cove« ,6 
18 are fonned of a material having high purity, low chemical reactivity and a ' 
tirenaal conductivity of less U,an about 2 W/m« in vacuum 

Suitable EMF generators for tire EMF g«,e,at„r „ include a BIG available 
^ Huettinger Electn,mc of Oennany. The coi, ,4 and tiie power supply 12 are 
e ectncally coupled such tirat tite ^wer supply 12 may p„,vide an A/C cur^rt 
trough ti« coi. 14 at a selected frequency or range of frequencies. Prefembly tire 
power supply ,2 is opemble to provide a cun.n. tiuo,^ ti,e coil ,4 at fiequenlies 
of between at least 5 IcHz and I MHz or a subset of flequencies in tins t^ge. 

~oi:;r^""'^'"^~^ 

The housing assembly ,00 may be assembled as follows. Tte side 

susceptor members 130 are mounted on th« 

circ mounted on the bottom susceptor member 110. The 
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- ^ on ^ bouo™ .ember UO such U.e 

«b nOA ,s received in d,e sio, ,52B and ridge 114 is revived in fte recess 
1S2C. In Uns manner. Ae liner member 152 is positively located and secured in 
place on fte bottom suscepu>r member U». Tk. ton, liner member 154 is placed 
on fte bottom susceptor member 110 such d,e ridge 114 is revived in tt,e 
^ess 1S4C. Prior ,„ or following placemen, of eia«r or bofl, of liner 
m«.b«. 152. 154. ^ platter 140 is placed on U.e pin 14, over fte platter region 
U2 and m the opening 156. The ,op liner ,60 and dae ,op susceptor member 120 
are mounted on die side snsceptor members 130. 

> ""'^•"«<"»»«»ffl'""bstates 5 are placed into passage 102 on ae 

Patter 140. The power supply 12 is operated ,o provide a power level and 
fequency of altema,ing curren, tough fte coil in a known manner «, geneMe an 
electtomagnetic field. The curren, fc,uency is seleaed such eddy cur,«^ 
are generated in tte susceptt>r members 110, 120, 130. Tie elecWcal resis^nces 
of to cores 115. 125, 135 and to coatings 117. 127. ,37 conver. a. leas, portions 

uT, T.r^'^ ^ ■"-t.rs 

no, 120. 130. However, to cun^n, frequency is selected such tta, subs,antially 
■o eddy currents are generated in to liners 150. 160 or to platter ,40. Rather 
su^tially all of to power torn to coi, 14 absorbed by to bousing as^mbl'y 
100 - attenuated by to susceptor members 110, 120. 130. Prefetably. at least 
90/. of to power is attenuated by to susceptor members 110. 120, 130 mote 
preferably a. least 95-/., and mos, preferably 1 00%. Accordingly, „„ or only 
-ub^tial hea, is mductively generated in to hners 150. 160 or to platter 140 

UO, 120, 130 ,s atemially conducted from to suscepror membet. 110. 120 130 
tougb to liners 150. .6. and to platter ,40 to to pas^ge 102. He subjtt^ 5 
thereby heated by conduction (tinough to platter ,40). radiation and convection 
Prefen.bly. to substrate 5 is heated to a temperature of between about 1400 ^d ' 

1800 C. Notably, and preferably, to platter ,40 dirccUy overlies to platter 
-gton ,12 of to bottpm susceptor member 110 witout a portion of to Itoer 150 
bemg mterposed torebetween. The coatings 157. 167 on to liners 150. 1.0 may 
prov.de tonnal breaks from to susceptor members 1,0, 120 to fl«her promote 
thermal uniformity. 
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In this mamer, the internal sirfaces of the housing assembly 100 (ie the 
surfeces m fluid communieation with the passage 102) ate maintafaed at a more 
spatially umform temperattn-e so that the thetmal gradients in the vicinity of the 
substrate ate reduced. Restated, a more isodtermal environment may be created in 
fl.e passage 102 for the substrate 5 such that the temperature of the portion of fte 
housing assembly 100 in contact ™,h the substmte 5 (i^ the platter 140) is at 
substantially the same temperature as the other surfaces defming the passage 102 
a=e„ fl>e interior sur&ces of the liners 150, 160 and the side suscepfc>r members 
130). TT,e substrate 5 may therefore itself be substantially the same tempetature as 
ate surfaces defining the passage 102. As a result, the aforementioned problems 
assoc^ted wid, undesirably large Utermal gradients may be reduced. For example 

the formation ofloose deposits may be eliminated or reduced. The process (m. ' 
an epitaxy process) may be more accurately controlled. 

During the reactmg process, the processing gas IG (Figure 2) may be 
flowed into the passage 102 Sirough the opening 104. TTie processing gas ,G may 
include precursor gases such as silane (SiH.) and propane (QH.) ioti^duced wiU, 
and transported by a carrier of purified hydrogen gas (H,). He processmg gas IG 
passes through the passage 102, As the processing gas IG passes flirough the hot ■ 
zone g^ierated by die EMF generator 11, SiC deposition reactions take place on 
fte substrate 5. He remainder OG of die piocessing gas exits die passage 102 
to.ugh the opening 106. Preferably, the processing gas IG is flowed through die 
passage 102 at a rate of at least 1 0 slpm. 

It may be desirable to remove and replace die platter 140. For example it 
may be necessary to remove d« substrate or substrates 5 following processing Ind 
replace diem wid, new substrates for processing. Also, it may be desirable to 
remove die plaher 140 for cleaning or replacement widi a new platter. He platter 
may be convenienUy removed by first removing die front liner member 154 and 
ften removing die platter 140. I, may also be desimble to remove eidier or bodi of 
y liner member 152, 154. Each of diese procedures may be executed without 
disassembUng die remainder of die housing assembly 100 or removing die housing 
assembly 100 fix)m die reactor assembly 10. 

The housing assembly 100 may provide for a more efficient, convenient 
and durable heatmg device, particularly where TaC is used for die coadngs U7, 
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127 and SiC is used for the coatings 130, 140, 150, 160. TT,e TaC coatings 117 
127, 137 may serve to reduce thennal radiation losses and prevent or reduce 
unde^rable sublimation of the SiC coatings. The TaC coating in the platter region 
112 of the bottom susceptor 110 may provide a more durable platfonn for the 
rotating platter 140. The provision of the SiC coatings in fluid communication 
with the passage 102 and in the vicinity of the substrate take advantage of the 
adherent nature of parasitic SiC deposits to the SiC coatings and the chemical 
thermal, mechanical, and structural similarity of the SiC coatings and the Sic' 
substrate 5. T^. SiC coatings 137 on the side susceptor members 130 may assist in 
) reducmg the heating of the side susceptors due to induction heating 

The provision of liner. 150, 160 separately fonned from the susceptor 
members 110, 120, 130 may allow for extension of the service life of the housing 
assembly 100 as well as reductions in cost of use and downtime. I^e liners 150 
160 may be cost-effectively replaced when they reach the end of their useful ' 
service lives without requiring replacement of the remainder of the housing 
assembly 100. Moreover, the liner members 152, 154 can be removed for cleaning 
(e^. to scrape away parasitic deposits) without requiring removal of the housing 
assembly from the reactor assembly 10 or disassembly of the remainder of the 
housing assembly 100. 

The design fe^ dimensions, materials, and/or placement) of the liner or 
Imers may be selected, modified or intetchanged to shape or control dre 
temperature gradient in the processing chamber. For example, additional liner, 
-ay be positioned along the side susceptor members 130 or one or more of Ure 
Imers may vary in thickness or material. TTre liners may be integrated as a 
umtary sleeve). Tie liner, may be integrally fonned the susceptor member or 
members. Preferably, the liner or liner, will include an opening correspondmg to 
the ppenmg 156 positioned to receive the platter. 

Line., may be selected or interchanged to obtain desired gas flow 
characteristics. In particular, the top liner 160 may be removed and replaced with 
a top Imer having a differently shaped wedge portion 162 or having no wedge 
portion. ^ 

While certam embodiments have been described above it will be 
appreciated drat various modifications may be made in accordance wid, the 
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>^on. For example. *e p^ce^tag chamber may be Cosed a. one o, boU, end. 
^ d^ providing a U^ough passage Housing assembiies and hea^ 
^rding .o .e inven^on ma. be ^ for o.er ^ ofpro J 1 

matena, systems, as wel, as in other types Of deposiUon systems. Inpartieuiar the 
ho^mg assemblies and heating devices according to the invention ZT^^^ 

— g„s. -c..o.her.hansemicond„ctors„bstra.esma;be 

In odter embodiments, end insulation may be placed at either or bofl, ends 
Zl^r'"""*- '*"»'""^'^''-'f--'-.^*aped. " 

fleeiv'th^ -° /■-^"•■»» ^ P«.vded to permit the process gas IG to flow 

pt!LT t '"^"^ -"ta""- ™y be 

provrded wtth protection line., pteferably made of silicon carbide coated grapl 

»a sepamte the process g. ,G ftom the end insulation material whictlr 
contaminate die process gas. wmcnmay 

While pefened embodiments have been described with ..ference to "top- 
bottom and the like, other orienutions and configurations may be employedt ' 
accordance with the invention. employed m 

-n.e foregoing is illustrative of the present invendon and is not to be 
~ as limiting thereof Although a few exemplary embodimlH 
mventton have been described, those skilled in die an will teadily appt^iatTl. 
many mo.^caUons are possible in the exempla, embodiments 

all such modtflcafons ate intended to be included within the scope of d,s 
~. The^fore. it is to be unde.^, , 

dtsctecd. and that modtfications to the disclosed embodiments, as as other 
embodrntents. are intended to ^ incln^ ^ ^^^^ 
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